Abstract：The effects of varying the inlet flow angle on the output power of a Francis hydraulic turbine were studied numerically and the result was compared to the experimental results conducted at Korea Institute of Energy Research to determine the brake power of the turbine for each set of operating conditions. The loss of mechanical power of the model turbine was determined by comparing the numerical and experimental results, and thus the turbine efficiency or energy conversion efficiency of the model turbine could be estimated. From the result, it was found that the maximum brake efficiency of the turbine is approximately 46% at an induced angle of 35 degrees. The maximum indicated mechanical efficiency of the turbine is approximately 93% at an induced angle of 25~30 degrees.
Introduction
Francis hydraulic turbine is classified as an impulse-type turbine because it uses the static pressure and kinetic energy of flowing water to generate power.
Impulse-type turbines are useful in situations in which the hydraulic head is low but the mass flow-rate is high [1] .
This study is a preliminary step in the development of a design algorithm for 3-dimensional Navier-Stokes equations [4] were solved with the standard (k-e) turbulence model [5] . The process was assumed to be steady state and adiabatic, and thus the energy equation was not required in these numerical calculations.
The turbulent no-slip condition near the solid boundary was modelled with the logarithmic law. Fully implicit backward time differencing was used and the advection terms were hybrid differenced.
Conjugate gradient techniques for pressure corrections in the transport equations were incorporated and the 'SIMPLE' algorithm [5] was employed for the velocity and pressure coupling.
Governing Equations
The basic equations describing the fluid dynamics in the control volume are based on the Navier-Stokes equations, which are comprised of equations for the conservation of mass and momentum.
1) Continuity equation
2) Momentum equation
3) Turbulent kinetic equation
4) Energy dissipation equation
Where
The boundary and initial conditions
In this numerical study, Body Fitted Coordinates (BFC) grid generation method [6] The static pressure force can be calculated from the equations given below. [7] ① Hydrostatic pressure force on the impeller vane
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② Indicated torque (τi) generated on the turbine shaft
Where ∆         ③ Indicated power (Pi) produced on the model turbine
where ω is the rotational speed of the turbine. 
